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Radio communication system with predistortion 



(54) 

(57) A radio communication system for reducing 
deterioration of the transmission quality due to multipath 
fading while downsizing a terminaJ and reducing the 
power consumption. The propagation characteristic of a 
propagation path 3 is estimated by an automatic equal- 
izer 30 set in a base station 1, and the inverse charac- 
teristic of the propagation path is added to the down- 



transmission data to be transmitted to a terminal 2 in a 
predistortion section 50 in accordance with the estima- 
tion result, and the data to which the inverse character- 
istic of the propagation path 3 is added is transmitted to 
the terminal 2 through the propagation path 3 as trans- 
mission data. 
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Description 

BACKGROUND OF THE INVENTION 
Held of the Invention 



[0001] The present invention relates to a radio com- 
munication system, particularly to a radio communica- 
tion system capable of reducing deterioration of 
transmission quality due to multipath fading. 

Description of the Prior Art 

_ [0002] As for a conventional radio communication sys- 
tem having at least a terminal and a base station, trans- 
mission quality is deteriorated if frequency-selective 
fading due to a multipath occurs in the propagation path 
between the terminal and the base station. Therefore 
an automatic equalizer is set in a terminal serving as a 
reception side to thereby reduce deterioration of trans- 
mission quality. 

[0003] In case of an automatic equalizer, however 
when the multipath fading of a propagation path greatly 
acts, it is necessary to increase the size of a circuit in 
order to conquer the action of the multipath fading 
Therefore, problems occur that the size of a terminal to 
which downsizing and reduction of power consumption 
are requested is increased I and it is difficult to realize a 
circuit for practical use 

BRIEF SUMMARY OF THE INVENTION 
Object of the Invention 

[0004] The present invention is made to solve the 
above problems and its object is to provide a radio com- 
munication system capable of reducing deterioration of 
transmission quality due to multipath fading while down- 
sizing a terminal and reducing the power consumption. 

Summary of the Invention 

[0005] To attain the above object, the present inven- 
tion uses a radio communication system having at least 
a terminal and a base station connected each other 
through a propagation path and capable of reducing 
deterioration of transmission quality between the termi- 
nal and the base station due to multipath fading in the 
propagation path, characterized in that the base station 
comprises: 

a frequency converter for frequency-converting the 
data sent from the terminal through the propagation 
path into a base band signal and outputting the sig- 
nal; 

sample quantization means for sample-quantizing 
the base band signal output from the frequency 
converter; 
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an automatic equalizer for equalizing distortions of 
the propagation path about the base band signal 
sample-quantized by the sample quantization 
means, estimating the characteristic of the propa- 
gation path in accordance with the base band sig- 
nal sample-quantized by the sample quantization 
means, and outputting an estimated result; 
a demodulator for demodulating the base band sig- 
nal whose distortions are equalized by the auto- 
matic equalizer; 

a predistortion section for adding the inverse char- 
acteristic of the propagation path to the data to be 
transmitted to the terminal in accordance with the 
estimated result in the automatic equalizer; and 
a modulator for modulating the data to which the 
inverse characteristic of the propagation path is 
added by the predistortion section. 

[0006] Moreover, the automatic equalizer is character- 
20 ized by comprising: 

a Fourier transform circuit for transforming the base 
band signal sample-quantized by the sample quan- 
tization means into a frequency-region signal; 
a propagation-path-characteristic estimation sec- 
tion to which frequency-region signals output from 
the Fourier transform circuit are input to estimate 
the transfer function of the propagation path in 
accordance with a reference signal regularly 
inserted into the data sent from the terminal and a 
signal corresponding to the reference signal among 
the frequency-region signals output from the Fou- 
rier transform circuit and moreover, estimate the 
propagation path characteristic of the propagation 

a complex divider for computing the inverse charac- 
teristic of the propagation path characteristic by 
applying complex-division to the propagation char- 
acteristic estimated by the propagation-path-char- 
acteristic estimation section; 
a complex multiplier for multiplying the frequency- 
region signals output from the Fourier transform cir- 
cuit with the inverse characteristic of the propaga- 
tion path characteristic computed by the complex 
divider; 

selection means for outputting the multiplication 
result computed by the complex multiplier when the 
base station receives data from the terminal and, 
after the base station receives the data transmitted 
from the terminal, outputting the computation result 
computed by the complex divider; and 
an inverse Fourier transform circuit for inverse-Fou- 
ner-transforming the multiplication result computed 
by the complex multiplier or the computation result 
computed by the complex divider, input through the 
selection means. 

[0007] Furthermore, the predistortion section is char- 
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ac terized by comprising inverse characteristic addition 
means for Xfthe inverse characteristic of the prop, 
Son path computed by the complex div.der and 
Sse-Fourier-transformed by the inverse Founer 
S i drcuit to the data to be transmitted to the te, 5 
minS at the timing when the base station completes the 
TeLepJon of the data transmitted from the terminal. 
[0008] Furthermore, the inverse characteristic addi- 
STmeans is characterized by adding the .nverse char- 
acteristic of the propagation path to the data i to be w 
Snsmitted to the terminal by using the .nverse charac- 
terS of the propagation path as a tap coeff .cent and 
theSy performing the convolutions! operation 
Sn th'e inverse characteristic of the propagation 
oaS and the data to be transmitted to the terminal. « 
i0009] Furthermore, the predistortion section .s char- 
ged by comprising storage means for stonng the 
Se^e chiacterTstic of the propagation path as a tap 
Efficient at the timing when the base staton com- 
pletes the reception of the data transm.tted from the ter 
minal, and 

the inverse characteristic addition means is charac- 
terized by performing the convolution^ operation 
between the inverse characteristic of the propaga- *s 
tion path stored in the storage means as a tap coef- 
ficient and the data to be transmitted to the £rm,na. 
and by adding the inverse characteristic of * .prop- 
agation path to the data to be transmrtted to the ter ^ 
minal. 

T001 0] Furthermore, the sample quantization means 
Is characterized by comprising an A/D oo^Jjw. 
[00111 As for the present invention configured as 
Sescr bed above, the propagation charactenstic of a 35 
oriagation path is estimated by an automate equahzer 
seUn a base station, the inverse characteristic of the 
Propagation path is added to the down-transmiss^n 
data S be transmitted to a terminal in a Portion 
section in accordance with the estimation result, and the 40 
da £ to which the inverse characteristic of the propaga- 
tion path is added is transmitted to the terminals trans- 
mission data through the propagation P**, Therefore, 
even if a distortion due to a multipath occurs in the prop- 
Ration path, a down-link signal transmitted from a base 
station is correctly received by a terminal w.thout setting 
^ function for 'educing deterioration of transm^sion 
quality due to multipath fading to the terminal and there- 
fore, transmission quality is not deteriorated. ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

r0012] This above-mentioned and other objects, fea- 
uresandadvantagescjfthisinvertionwillbeoom^ 
apparent by reference to the following detailed descnp^ 
tion of the invention taken in conjunction with the 
accompanying drawings, wherein: 



FIG 1 is an illustration showing an embodiment of 
a radio communication system of the present inven- 
tion; and . 
FIG 2 is an illustration showing the conf .gurafjon of 
the automatic equalizer and predistortion section 
shown in FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] The preferred embodiment of the Present 
Son will be described below by referring to the 
accompanying drawings. - 
[£l4] FIG 1 is an illustration showing an embody 
ment of a radio communication system of the present 

SET As shown in FIG. 1 . this embodiment is corrfig- 
by a terminal 2 and a base station 1 connected 
eS, tfher through a propagation path 3 irn "hichthe 
Sminal 2 is provided with a demodulator 70 for demod- 
ulLTng the down-data sent from the base station 1 
S the propagation path 3 and a. ^utator 80 to 
modulating the down<iata to be transmitted £ he base 
station 1 through the propagation path 3 and I the base 
£H 1 s provided with a frequency converter 10 far 
Cency concerting the up-data sent ^ the te^na 
trough the propagation path 3 into a base band *g- 
na. and outputting the signal, an A/D converter 20 serv- 
ino as sample quantization means for sample 
o^nSngTe blse band signal outputted from the fre- 
Sncy converter 10. an automatic equalizer 
Equalizing distortions of the propagation^ Pf * 3 about 
*e base band signal sample^uantized by the A^ con 
verter 20, estimating the charactenstic of the P^paO* 
Sn path 3 in accordance with the base band s^nal 
samp^uantized by the A/D converter 20^nd ou*ut- 
tingthVestimation result as Propagation^ath-chara ic 
Src information, a demodulator 40 for demc^u'ating 
tne base band signal whose distortions are equalized by 
*e automatic equalizer 30. a predistortion section 50 
to adding the ^erse characteristic of the propagation 
^h 3 to down-transmission data in accordance w* 
tiTpfopagation-path-ch^^^ 
\Z En the automatic equalizer 30. and a modulator 60 
Mutating the down-transmission £«. ij 
inverse characteristic of the propagation path 3 is added 

SK" RaaTanSn showing the configura- 
ton of the automatic equalizer 30 and the pred.stortion 
section 50 shown in FIG. 1 • n 
SStT As shown in FIG. 2. the automatic equalizer 30 
S «s embodiment is configured by a Founer ransfo m 
rircutt 31 for transforming a base band s.gnal sample- 
auamized by the AflD converter 20 into a frequency- 
and outputting the £*. proton- 
oath-characteristic estimation section 32 to wnicrv ™ 
region signals outputted from the ^ner tia^ 
form circuit 31 are inputted to estimate a reference 
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signal for estimating the transfer function of the propa- 
gation path 3 in accordance with a signal corresponding 
to a reference signal for estimating a known propagation 
path characteristic regularly inserted into the up-data 
sent from the terminal 2 and a frequency-region signal c 
corresponding to the reference signal among the fre- 
quency-region signals outputted from the Fourier trans- 
form circuit 31 and moreover, estimate the propagation- 
path characteristic H( ffl ) of the propagation path 3- a 
complex divider 33 for computing the inverse character- w 
ishc 1/H(<») of the propagation-path characteristic H(<d) 
estimated by the propagation path-characteristic esti- 
mation section 32 by applying complex division to the 
propagation-path characteristic H(«>) estimated by the 
propagation path-characteristic estimation section 32- a 
complex multiplier 34 for multiplying the frequency- 
region signals oulputted from the Fourier transform cir- 
cuit 31 with the inverse characteristic 1/H(co) of the prop- 
agation path 3 computed by the complex divider 33 and 
thereby, equalizing distortions of the propagation path so 
3; a selector 35 serving as selection means for output- 
ting a signal whose distortions are equalized by the 
complex multiplier 34 when receiving up-data from the 

il?'^Li and out P uttin 9 the inverse characteristic 
l/H(©) of the propagation path 3 computed by the com- ~ 
plex divider 33 after receiving the up-data. in accord- 
ance with a fransmission/reception switching signal 
inputted from an external unit; and an inverse Fourier 
transform circuit 36 for inverse-Fourier-transforming a 
signal whose distortions are equalized by the complex ao 
mulbplier 34 when the signal is inputted and outputting 
the signal to the demodulator 40 as a time-region signal 
applying inverse Fourier transform to the inverse char- 
acteristic 1/H(a>) of the propagation path 3 computed by 

C °/ T1p,ex divider 33 wh en the inverse characteristic ~ 
1/H(o>) is inputted, thereby computing an impulse 
response, and outputting the computation result to the 
predistortion section 50. 

[0018] Moreover, as shown in FIG. 2. the predistortion 
section 50 of this embodiment is configured by a tap- 4o 
coeff.c.ent memory 51 serving as storage means for 
storing the impulse response of the inverse characteris- 
tic 1/H(«») of the propagation path 3 output from the 
inverse Fourier transform circuit 36 at the timing after 
receiving the up-data transmitted from the terminal 2 in «r 
accordance with a transmission/reception switching sig- 
nal inputted from an external unit and an FIR filter 52 
serving as inverse characteristic addition means for per- 
forming the convolutional operation between down- 
transmission data to be transmitted to the terminal 2 so 
and the impulse response of the inverse characteristic 
i/H(<b) of the propagation path 3 by using the impulse 
response stored in the tap coefficient memory 51 as a 
tap coefficient and adding the inverse characteristic of 
nL P If Pa , 9ati ° n patn 3 to the d°wn-transmission data, ss 
!h oL th ' S Case ' wnen a modu| af'on method uses 
the QPSK method, the data inputted to the FIR filter 52 
has a binary value. Therefore as for the multiplication 



between the data and the tap coefficient, it is actually 
only necessary to set the polarity bit of the tap coeffi- 
cient to a positive phase or invert the bit in accordance 
with the value of input data. That is. in case of the QPSK 
method, it is possible to form the FIR filter 52 with a sim- 
ple circuit without using any multiplier. 
[0020] The data transmission operation of a radio 
c»mmun,cation system having the above configuration 
will be described below. 

[0021] The up-transmission data supplied from the 
terminal 2 is modulated by the modulator 80 in the ter- 
minal 2 and transmitted to the base station 1 through 
the propagation path 3. 

[0022] In the base station 1 . the up-data sent from the 
terminal 2 through the propagation path 3 is first fre- 
quency-converted into a base band signal by the fre- 
quency converter 10 and the base band signal 
outputted from the frequency converter 10 is sample- 
quantized by the A/D converter 20. 
[0023] Then, in the Fourier transform circuit 31 of the 
automatic equalizer 30. the base band signal sample- 
quantized by the A/D converter 10 is converted into a 
frequency-region signal and outputted to the propaga- 
tion-path-characteristic estimation section 32 and com- 
plex multiplier 34. 

W024] Then, in the propagation-path-characteristic 
estimation section 32. the transfer function of the prop- 
agation path 3 is estimated in accordance with a refer- 
ence signal for estimating a known propagation path 
characteristic regularly inserted into the up-data sent 
fromtiie terminal 2 and a frequency-region signal corre- 
sponding to the reference signal among the frequencv- 
reg.on signals outputted from the Fourier transform cir- 

S?\ 3 lT d thereby> P r °P a9ation Path characteristic 
H(e>) of the propagation path 3 is estimated. 
[0025] Then, in the complex divider 33, the propaga- 
tion path characteristic Hr» estimated by the propaaa- 
tion-path-characteristic estimation section 32 is 
complex-divided and thereby, the inverse characteristic 
l/H(a>) of the propagation path characteristic H(«) esti- 
mated by the propagation-path-characteristic estima- 
tion section 32 is computed. 

[0026] Then, in the complex multiplier 34. frequency- 
reg.on signals outputted from the Fourier transform cir- 
cuit 3i are multiplied with the inverse characteristic 
l/H(<o) of the propagation path 3 computed by the com- 
plex divider 33 and thereby, distortions of the propaga- 
tion path 3 are equalized about the frequency-region 
signals outputted from the Fourier transform circuit 31 
[0027] The inverse characteristic 1/H(«) of the propa- 
gation path 3 computed by the complex divider 33 and 
the signals in which distortions of the propagation path 
3 are equalized by the complex multiplier 34 are input- 
ted to the selector 35. 

[0028] In the selector 35. a signal whose distortions 
are equalized by the complex multiplier 34 is outputted 
when receiving up^iata from the terminal 2 and the 
inverse characteristic 1/Hf» of the propagation path 3 
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computed by the complex divider 33 is outputted after 
receiving the up-data, in accordance with a transmis- 
sion/reception switching signal inputted from an exter- 
nal unit. 

[0029] Then, when a signal whose distortions are 
equalized by the complex multiplier 34 is inputted to the 
inverse Fourier transform circuit 36, the signal is 
inverse-Fourier-transformed and outputted to the 
demodulator 40 as a time-region signal, and the signal 
outputted from the inverse Fourier transform circuit 36 is 
demodulated by the demodulator 40 and outputted as 
up-demodulated data. 

[0030] When the inverse characteristic 1/H(g>) of the 
propagation path 3 computed by the complex divider 33 
is inputted, the inverse characteristic 1/H(a>) of the prop- 
agation path 3 is inverse-Fourier-transformed and 
thereby, an impulse response is computed and the com- 
puted impulse response is outputted to the predistortion 
section 50. 

[0031] Then, the impulse response of the inverse 
characteristic 1/H(<o) of the propagation path 3 output- 
ted from the inverse Fourier transform circuit 36 is 
stored in the tap-coefficient memory 51 of the predistor- 
tion section 50 at the timing after receiving the up-data 
transmitted from the terminal 2 in accordance with a 
transmission/reception switching signal inputted from 
an external unit. 

[0032] Then, in the FIR filter 52. the convolutional 
operation between the down-transmission data to be 
transmitted to the terminal 2 and the impulse response 
of the inverse characteristic 1/H(<d) of the propagation 
path 3 is performed by using the impulse response 
stored in the tap-coefficient memory 51 as a tap coeffi- 
cient and thereby, the inverse characteristic of the prop- 
agation path 3 is added to the down-transmission data 
and output to the converter 60 . 
[0033] Then, down-transmission data to which the 
inverse characteristic of the propagation path 3 is added 
by the predistortion section 50 is modulated by the mod- 
ulator 60 and the modulated down-transmission data is 
transmitted to the terminal 2 through the propagation 
path 3. 

[0034] Thereafter, when the down-data transmitted 
from the base station 1 is received by the terminal 2 
through the propagation path 3. the received down-data 
is demodulated by the demodulator 70 in the terminal 2 
and outputted as down-demodulated data. 
[0035] As described above, in the case of this embod- 
iment, the propagation characteristic of the propagation 
path 3 is estimated by the automatic equalizer 30 in the 
base station 1 and the inverse characteristic of the prop- 
agation path 3 is added to the down-transmission data 
to be transmitted to the terminal 2 in accordance with 
the estimation result. Therefore, even when a distortion 
is produced due to a muitipath in the propagation path 
3, the down-data transmitted from the base station 1 is 
correctly received by the terminal 2 and thereby, trans- 
mission quality is not deteriorated. 



[0036] As described above, the present invention is 
configured so that the propagation characteristic of a 
propagation path is estimated by an automatic equalizer 
set in a base station, the inverse characteristic of the 
5 propagation path is added to the down-transmission 
data to be transmitted to a terminal in a predistortion 
section in accordance with the estimation result and the 
data to which the inverse characteristic of the propaga- 
tion path is added is transmitted to the terminal through 
10 the propagation path as transmission data. Therefore, 
even when a distortion is produced in the propagation 
path due to a muitipath, a down-link signal transmitted 
from the base station is correctly received by the termi- 
nal without setting any function for reducing deteriora- 
15 tion of transmission quality due to muitipath fading to the 
terminal and thus, it is possible to reduce deterioration 
of transmission quality. 

[0037] Thereby, it is possible to reduce deterioration of 
transmission quality due to muitipath fading while down- 
20 sizing a terminal and reducing the power consumption. 



Claims 

1 . A radio communication system having at least a ter- 
25 minal and a base station connected each other 
through a propagation path and capable of reduc- 
ing deterioration of transmission quality between 
the terminal and the base station due to muitipath 
fading in the propagation path, wherein 

30 

the base station comprises 
a frequency converter for frequency-converting 
the data sent from the terminal through the 
propagation path into a base band signal and 
35 outputting the signal; 

sample quantizing part for sample-quantizing 
the base band signal output from the frequency 
converter; 

an automatic equalizer for equalizing distor- 
40 tions of the propagation path about the base 

band signal sample-quantized by the sample 
quantizing part, estimating the characteristic of 
the propagation path in accordance with the 
base band signal sample-quantized by the 
45 sample quantizing part, and outputting an esti- 

mated result; 

a demodulator for demodulating the base band 
signal whose distortions are equalized by the 
automatic equalizer; 
so a predistortion section for adding the inverse 

characteristic of the propagation path to the 
data to be transmitted to the terminal in accord- 
ance with the estimated result in the automatic 
equalizer; and 

55 a modulator for modulating the data to which 

the inverse characteristic of the propagation 
path is added by the predistortion section. 
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the automatic equalizer comprises: 
a Fourier transform circuit for transforming the 
base band signal sample-quantized by the 
sample quantizing part into a frequency-region 

a propagation-path-characteristic estimation 
secbon to which frequency-region signals out- 
put from the Fourier transform circuit are input 
to estimate the transfer function of the propa- 
gation path in accordance with a reference sig- 
nal regularly inserted into the data sent from 
the terminal and a signal corresponding to the 
reference signal among the frequency-region 
signals output from the Fourier transform circuit 
and moreover, estimate the propagation path 
charactenstic of the propagation path; 
a complex divider for computing the inverse 
charactenstic of the propagation path charac- 
teristic by applying complex-division to the 
propagation path characteristic estimated by 

thepropagation^ath-characteristic estimation 
section, 

a complex multiplier for multiplying the fre- 
quency-region signalsjiutouLfram the Fourier 
transform circuit with the inverse charactenstic 

™ rt 2, e K P [? 3a9ati0n P** characteristic com- 
puted by the complex divider; 

selector for outputting the multiplication result 

computed by the complex multiplier when the 

base station receives data from the terminal 

and. after the base station receives the data 

transmitted from the terminal, outputting the 

dS and" reSUlt °° mPUted b/ th6 COmp,ex 
an inverse Fourier transform circuit for inverse- 
Fourier-transforming the multiplication result 
computed by the complex multiplier or the com- 
putetion result computed by the complex 
divider, input through the selection means 



EP 0 975 124 A2 



10 



15 



5. 
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6. 
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40 



10 

the inverse characteristic addition part adds the 
inverse characteristic of the propagation path 
to the data to be transmitted to the terminal by 
using the inverse characteristic of the propaga- 
tion path as a tap coefficient and thereby, per- 
forming the convolutional operation between 

^H^Tl Characteristic ° f *e propagation 
path and the data to be transmitted to the ter- 
minal. 

^f m ? di i communicati °n system accoiding to 
claim 4. wherein M 

the predistortion section has storage part for 
storing the inverse characteristic of the propa- 
gation path as a tap coefficient at the timing 
when the base station completes the reception 
of the data transmitted from the terminal, and 
the mverse characteristic addition part per- 
forms the convolutional operation between the 
mverse characteristic of the propagation path 

fZt "Si* St ° rage partasata P coefficient 
^ to be transmitted to the terminal 

and adds the inverse characteristic of the prop- 
agation path to the data to be transmitted to the 
terminal. 

^mrr W hSeT niCati ° n SyStem to 
converter' 8 qUantlZ ' n9 part com P ri ses an A/D 



3 ' ^TlST"^ ^ to 

the predistortion section has inverse character- 
istic addition part for adding the inverse charac- 
teristic of the propagation path computed by 
the complex divider and inverse-Fourier-trans- 
formed by the inverse Fourier transform circuit 
to the data to be transmitted to the terminal at 
the timing when the base station completes the 
reception of the data transmitted from the ter- 
mi rial. 

4 ' ^ G ?*L COmmunication ^em according to 
claim 3 P wherein 
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(54) Radio communication system with predistortion 



(57) A radio communication system for reducing de- 
terioration of the transmission quality due to multipath 
fading while downsizing a terminal and reducing the 
power consumption. The propagation characteristic of 
a propagation path 3 is estimated by an automatic 
equalizer 30 set in a base station 1 , and the inverse 



characteristic of the propagation path is added to the 
down-transmission data to be transmitted to a terminal 
2 in a predistortion section 50 in accordance with the 
estimation result, and the data to which the inverse char- 
acteristic of the propagation path 3 is added is transmit- 
ted to the terminal 2 through the propagation path 3 as 
transmission data. 
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